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Abstract

Objective To assess the feasibility of creating virtual

monoenergetic arterial images from venous phase CTA

obtained on a detector-based spectral CT scanner and

quantitatively compare the signal-to-noise (SNR) and

contrast-to-noise (CNR) ratios of the major arteries to those

on polyenergetic true arterial phase images.

Methods In this retrospective study, 23 patients (15 men

and 8 women, median age 68 years) who underwent triple-

phase CTA on a spectral CT scanner for aortic endograft

surveillance were included. The venous phase CTA of each

study was reconstructed to generate virtual monoenergetic

images at various keV, which were compared to true

arterial phase CTA images. SNR and CNR of the aortoiliac

arteries were evaluated by testing the differences in means

and non-inferiority of virtual arterial images to true arterial

images. Effective radiation dose was calculated for stan-

dard triple-phase studies in comparison with dual-phase

and single-phase spectral CT examinations.

Results Virtual monoenergetic images demonstrated non-

inferior (P\ 0.05) arterial SNR and CNR compared to true

arterial images at 40 keV for all arteries, at 45–50 keV for

the thoracic and suprarenal aorta, and at 45–55 keV for the

infrarenal aorta and iliac arteries. Significantly higher

(P\ 0.05) arterial attenuation was obtained at 40 keV for

the aortoiliac arteries. Mean effective dose for conven-

tional triple-phase studies was 32.5 mSv in comparison

with 21.3 mSv for dual-phase non-contrast/venous scans

and 11.3 mSv for single-phase venous scans.

Conclusions Detector-based spectral CT enables creation

of virtual monoenergetic arterial images from venous phase

CTA with equivalent and in some cases significantly higher

SNR/CNR of major arteries compared to images from true

arterial phase polyenergetic CTA.

Keywords CT angiography � Spectral CT � Dual-

energy CT � Aorta

Advances in Knowledge

• Spectral detector CT (SDCT) technology separates

emitted X-rays at the detector level, unlike dual-energy

CT (DECT) which does so at the source level, allowing

for retrospective spectral analysis at 120 or 140 kVp

without requiring separate protocols or further radiation

exposure.

• SDCT has the ability to generate virtual monoenergetic

images by scaling attenuation from discrete energy

levels, which enables vessels to be retrospectively

enhanced or de-enhanced while reducing nearby streak

and beam hardening artifacts.

• Virtual monoenergetic arterial images derived from a

venous phase CT have equivalent and in some cases

significantly higher SNR/CNR than the true arterial

phase images for central thoracic and visceral arteries.
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Implications for Patient Care

1. Virtual arterial imaging using SDCT may allow for the

elimination of the arterial phase in conventional triple-

phase studies, which would decrease overall patient

radiation exposure due to fewer acquisitions.

2. Additionally, retrospective vascular enhancement

using SDCT may salvage scans with suboptimal

contrast bolus timing and allow for lower contrast

volumes without compromising image quality.

Introduction

Although dual-energy CT (DECT) has attained mainstream

clinical use relatively recently, newer methods for spectral

discrimination are still being developed. DECT allows

emission of polyenergetic X-rays at two different kilovolt

potentials (kVp) using a dual-source or rapid kVp switch-

ing method. Spectral detector CT (SDCT) technology uti-

lizes two layers of different scintillating crystals with their

own photodiode detectors. Low- and high-energy photons

from the polyenergetic X-ray beam are differentially

absorbed in a yttrium-based detector as well as a second,

thicker gadolinium-based detector, after which the incom-

ing photons are sorted into different energy bins using

pulse height discrimination [1, 2]. The raw data are

decomposed with full temporo-spatial registration based on

light–matter interactions such as the photoelectric effect

and Compton scattering. SDCT acquisition thus allows for

retrospective spectral analysis without requiring separate

protocols or further radiation exposure [3]. Energy-re-

solving photon-counting detectors such as SCDT offer

other advantages over DECT such as more robust spectral

separation, with an estimated 30% improvement in geo-

metric efficiency over conventional energy-integrating

detectors [2].

Among a multitude of potential clinical applications,

SDCT has ability to create virtual monoenergetic (VME)

images generated by scaling attenuation from discrete

energy levels ranging from 40 to 200 kiloelectron volts

(keV). This has considerable utility in vascular imaging

since vessels can be retrospectively enhanced or de-en-

hanced while reducing nearby streak and beam hardening

artifacts. Similar to DECT, the lower end of the virtual

monoenergetic range is particularly useful in increasing

vascular enhancement as these images are more influenced

by the photoelectric effect and since the attenuation of

iodine is optimal just above its k shell binding energy of

33 keV [4]. Since contrast produces higher attenuation at

the lower keV ranges near the k edge of iodine, higher SNR

can be achieved by weighting monoenergetic images to

these lower levels. Therefore, attenuation from the small

amount of arterial contrast present during the venous phase

is increased relative to background, and vessels therefore

appear more enhanced. Given that arterial signal from a

venous phase study is artificially increased in a retrospec-

tive fashion, a ‘‘virtual’’ image with arterial enhancement is

created [4, 5]. Conversely, at higher keV, the image quality

is more heavily affected by Compton scatter and less sus-

ceptible to beam hardening artifacts compared to polyen-

ergetic beams [2, 3, 6].

Previous studies demonstrate that monoenergetic images

from DECT improve image quality of the pre- and post-

operative aorta [6–16] as well as the visceral [6, 17–19]

and peripheral [20, 21] vasculature compared to conven-

tional single-source polyenergetic CT angiography (CTA).

While these studies explored the use of DECT in CTA, the

literature is sparse with respect to the newer SDCT tech-

nology due to its incipient introduction into clinical use.

The purpose of this study was to assess the feasibility of

creating virtual monoenergetic arterial images from venous

phase CTA obtained on a detector-based spectral CT

scanner and quantitatively compare the signal-to-noise

(SNR) and contrast-to-noise (CNR) ratios of the major

arteries on these images to those on the polyenergetic true

arterial phase images.

Materials and Methods

Patient Selection

For this IRB-approved and HIPAA compliant study, a

written informed consent was obtained from all patients.

Any patients younger than 18 years old, pregnant, or with

contraindications to iodinated contrast material were

excluded. From August 2015 to December 2016, 351

outpatients underwent a clinically indicated CT examina-

tion on a prototype SDCT scanner (IQon, Philips Health-

care). Of these, 23 consecutive patients (15 men (mean age

66 years, age range 49–87 years) and 8 women (mean age

67 years, age range 52–78 years)) who underwent

surveillance CTA following endovascular aortic repair

were included in this study. The venous phase acquisition

of the triple-phase (arterial, delayed venous, and non-con-

trast) CTA study was reconstructed to generate virtual

monoenergetic image dataset to be compared to the true

arterial phase CTA.

CT Technique

Examinations were chosen for aortic stent graft evaluation

and were standardized into chest, abdomen/pelvis, or most

commonly combined chest/abdomen/pelvis protocols.
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Chest studies extended from the lower neck to the upper

abdomen, while abdominopelvic studies extended from the

diaphragm to the bottom of the femoral heads. Patients

were positioned supine and feet-first. All patients under-

went unenhanced imaging prior to contrast administration,

which was performed in the arterial and delayed (90 s)

phases using bolus tracking software. Isovue 370 (Bracco

Diagnostics Inc, Princeton, NJ) was administered via a

20-gauge or larger intravenous catheter in the antecubital

fossa or forearm at a rate of 4 mL/s for a total of 120 mL.

A tube potential of 120 kVp was used and configured for

64 9 0.625 mm collimation with pitch 1.71. An amperage

setting of 73–214 mAs was used, and automatic tube cur-

rent modulation was employed. Gantry rotation time was

0.4 s, and slice thickness was set at 2 mm with 1-mm

intervals.

Dose reduction techniques for the SDCT were the same

as for single-energy scanners from the same manufacturer,

and the protocols were thus identical, using automatic

exposure control in all three planes. Image reconstruction

for this scanner can either utilize data from both detector

layers to create conventional CT images or data from each

layer separately to create spectral base images. In this

study, images for the true arterial (120 kVp) phase were

created using the conventional reconstruction as a refer-

ence while virtual arterial images were reconstructed from

the venous phase spectral base images to generate

monoenergetic image data from 40 to 70 keV at 5-keV

intervals (Fig. 1). In our SDCT scanner, 70 keV images are

the equivalent of conventional polyenergetic 120 kVp

images, resulting in similar attenuation values for adult

body scans [3]. Therefore, monoenergetic images beyond

70 keV were not evaluated as they were not expected to

show sufficient vessel attenuation. Primary axial images

were reconstructed in 0.5-mm slices with additional 2 mm

axial, sagittal, and coronal reconstructions.

Quantitative Image Analysis

Image analysis was performed on an independent work-

station (thin-client Spectral Diagnostic Suite of applica-

tions, Philips Healthcare). The two image sets (true arterial

phase CTA and virtual monoenergetic image data from

venous phase CTA) were automatically co-registered and

analyzed side by side. Multiple circular regions of interest

(ROI) were manually placed in the following vessels:

bilateral carotid arteries, bilateral subclavian arteries, bra-

chiocephalic artery, aorta (ascending, arch, descending,

suprarenal, infrarenal), celiac artery, superior mesenteric

artery, bilateral renal arteries, bilateral common iliac

arteries, and bilateral external iliac arteries. The ROIs were

drawn to fill the luminal diameter for each vessel with care

taken to avoid the vessel wall, atherosclerotic plaques,

calcifications, and metallic stent material. In cases of dis-

section, measurements were made in the true lumen.

Completely thrombosed and severely stenotic vessels ren-

dering accurate ROI measurement impossible were exclu-

ded. ROIs were first placed on the conventional true

arterial images and then copied to each of the virtual

monoenergetic images using the copy/paste function in the

software, with manual adjustments for minor differences in

respiration between the acquisitions as needed. For each

ROI, average attenuation in Hounsfield units (HU) and

onefold standard deviation (SD) was recorded.

Using these measurements, the signal-to-noise ratio

(SNR) for each segment was determined using the fol-

lowing equation where ROIvessel indicates the average

attenuation for the vessel of interest and ROISD denotes the

standard deviation: SNR = ROIvessel/ROISD. The SNR

calculation allowed for the evaluation of intravascular

enhancement to determine the homogeneity of contrast

within the vessels, given that optimally enhanced vessels

would be expected to show low signal fluctuation. To

independently assess image contrast in the setting of

extravascular noise, 1-cm2 circular ROIs were drawn in the

axillary fat, peri-celiac fat, mesenteric fat, and psoas fat.

This contrast-to-noise ratio (CNR) was calculated as:

CNR = (ROIvessel - ROIfat)/(ROInoise), where ROIfat is

average fat attenuation and ROInoise is the SD of the fat

attenuation. These two matrices of SNR and CNR were

calculated to evaluate the image quality at each location.

Statistical Methods

Repeated measure analysis of variance (ANOVA) models

were used to test the difference in means of the virtual

arterial phase at each energy level to the true arterial phase

for each region of interest, respectively. Heteroskedasticity

(changing variation across energy levels) was accounted

for by allowing different covariance matrix for each energy

level. One-side multiple pair-wise comparisons with Dun-

nett correction were used to test whether virtual arterial

phase at each energy level had higher mean SNR/CNR than

that of the true arterial phase. Similar models were used for

testing the non-inferiority of virtual arterial phases to the

true arterial phase. The null hypotheses were the virtual

monoenergetic images that had mean SNR/CNR at least 5

units less than that of the true arterial phase (inferiority

margin of 5 SNR/CNR) images, in keeping with cutoffs in

other studies examining the non-inferiority of SNR and

CNR between imaging techniques [22].

Radiation Dose Calculation

For each patient, effective dose for each study was calcu-

lated in millisieverts (mSv) by multiplying the dose-length
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product (DLP, in milligray) by an overall tissue-weighting

factor (k), which normalizes effective dose over certain

body regions [9]. In our study, utilizing CTA of the chest,

abdomen, and pelvis, k used to approximate patient dose

was 0.019 mSv/mGy/cm [23].

Fig. 1 Identical circular ROI drawn on true arterial (A) and virtual monoenergetic arterial images at 40 keV (B), 50 keV (C), 60 keV (D), and

70 keV (E) within the lumen of the aorta at the level of the kidneys. Data displayed includes mean attenuation in HU and standard deviation
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Results

A total of 391 vessel segments were evaluated. Of these,

107 had endovascular stents, 19 had unstented aneurysms,

and 35 had dissected lumens. No endoleaks were identified

on true or virtual arterial images. Between the true arterial

images and the set of virtual monoenergetic images, 4329

ROIs were measured and analyzed across all patients. Both

SNR and CNR demonstrated an inverse correlation with

keV levels, reaching a maximum at 40 keV with a mean

SNR for virtual monoenergetic arterial images of

22.7 ± 4.8 compared to a true arterial mean 18.5 ± 4.9

(123% relative increase). The mean CNR for virtual

monoenergetic arterial images was 41.2 ± 6.2 compared to

a true arterial mean 32.8 ± 6.3 (126% relative increase).

Graphs comparing mean attenuation of virtual monoener-

getic and true arterial images are shown in Fig. 2. For each

arterial segment at each energy level, testing for both non-

inferiority and significant differences was performed to

compare SNR and CNR between virtual monoenergetic

and true arterial images. The virtual monoenergetic images

demonstrated arterial contrast attenuation that is non-infe-

rior to true arterial phase images at 40 keV for all inves-

tigated vessels, at 45–50 keV for the thoracic and

suprarenal abdominal aorta and at 45–55 keV for the

infrarenal aorta and iliac arteries. Significantly higher

arterial attenuation was obtained at 40 keV for the entire

aorta and iliac arteries (Fig. 3).

Non-inferiority Testing

Summary tables comparing the non-inferiority of virtual

monoenergetic images to true arterial phase images for

both SNR and CNR can be found in Tables 1 and 2. The

SNR and CNR in the virtual monoenergetic images were

found to be statistically (P\ 0.05) non-inferior to those of

the true arterial images at energy levels up to 55 keV. At

40 keV, all evaluated arterial locations were found to be

non-inferior when using CNR and all locations except the

right subclavian and brachiocephalic arteries were non-in-

ferior using SNR. At 50 keV, the entire aorta, iliac arteries,

and mesenteric branch vessels were non-inferior using

SNR and only the distal aorta and iliac arteries were non-

inferior using CNR.

Difference Testing

Summary tables comparing the one side test of difference

between virtual monoenergetic images and true arterial

phase images for both SNR and CNR can be found in

Tables 3 and 4. The CNR and SNR in the virtual

monoenergetic images were found to be significantly

(P\ 0.05) higher than those of the true arterial images at

40 and 45 keV. These locations were predominantly the

multilevel aorta, common iliac arteries, and external iliac

arteries.

Radiation Dose Reduction

For the conventional triple-phase study (non-contrast,

arterial phase, and venous phase), mean effective radiation

dose among all patients was 32.5 mSv. After excluding the

dose from the arterial phase, mean radiation dose for dual-

phase non-contrast and venous phase scans was 21.3 mSv

(35% reduction) and single-phase venous scans was

11.3 mSv (65% reduction).

Discussion

Although virtual monoenergetic vascular imaging has been

studied using DECT, to our knowledge this is the first study

to directly compare SDCT-based venous phase virtual

monoenergetic images to true arterial images using

objective image quality indices. The SDCT virtual

monoenergetic images from venous phase CTA were at

least equivalent to conventional arterial images at lower

keV and have significantly higher contrast attenuation in

more distal arteries, potentially due to a variation in con-

trast timing or decreased image noise from lessened soft

tissue mass [20]. Our results suggest that 40 keV provides

ideal vascular contrast, in agreement with prior DECT

studies examining noise-optimized image-based virtual

monoenergetic algorithms compared to traditional virtual

monoenergetic techniques, likely due to similar noise

reduction software in the SDCT scanner [7, 17, 21].

Energies below 35 keV would fall under the k edge of

iodine and are insufficient in providing adequate

enhancement. A polyenergetic beam with low kVp would

be suboptimal since the wide range of keV from the

spectrum of energies would result in energies too far above

and below the iodine k edge, reducing attenuation. As a

result, narrow monoenergetic beams centering at specific

keV rather than broad conventional polyenergetic beams

are better suited to target the desired energy around the k

edge of iodine.

These findings are concordant with similar studies

evaluating DECT that show increased intravascular

enhancement at low keV levels as they approach the k edge

of iodine at 33 keV, raising the possibility for a reduced

contrast bolus which has been suggested in many studies

examining DECT virtual monoenergetic imaging

[2, 6, 7, 16–18, 20, 21]. Early SDCT research for cardiac

imaging in patients being evaluated for aortic valve

replacement has also shown that virtual monoenergetic

254 A. A. Patel et al.: Arterial Phase CTA Replacement by a Virtual Arterial Phase Reconstruction…

123



imaging allows for lower contrast material volumes with-

out compromising image quality or increasing radiation

exposure [3]. A decreased volume of intravenous contrast

material may be of particular utility in many patients who

often have an associated renal dysfunction.

Furthermore, our study suggests that the arterial phase

CT may be eliminated from traditional triple-phase CTAs

with spectral CT imaging, given that monoenergetic

spectral CTA data from a venous phase CT has similar

arterial enhancement to that of true arterial phase CT data.

The notion of replacing the arterial phase by an equivalent

virtual arterial phase has received particular attention in

recent years with DECT. Many patients requiring vascular

imaging such as for endovascular surveillance undergo

decades worth of CTAs, dramatically increasing lifetime

radiation exposure. The established literature for DECT has

shown that routine aortic CTAs and aortic endograft CTAs

have the potential to reduce radiation exposure using

venous phase virtual monoenergetic images by eliminating

the arterial phase, without compromising image quality

[7, 9, 12, 14, 15, 17, 18]. Using techniques similar to prior

studies examining DECT, we found comparable radiation

dose reduction in SDCT. Approximately 35% dose

reduction is achievable by replacing the true arterial phase

with virtual arterial images. Additionally, since virtual non-

contrast images can also be produced by spectral CT,

single-phase venous scans can be performed and would

allow for up to 65% total radiation dose reduction. How-

ever, additional prospective studies are needed to evaluate

the potential for reduced radiation exposure as well as

contrast dosing in the setting of fewer phases, as well as to

directly compare SDCT virtual monoenergetic imaging to

that of established DECT technology.

One potential disadvantage of a single-phase acquisition

is the absence of dynamic information that can be seen with

multiphase scans, such as localizing the precise source of

contrast extravasation in endoleaks. However, several

studies examining DECT have indicated that delayed or

late delayed imaging may be more sensitive than the

arterial phase for aortic endograft surveillance, given that

low-flow endoleaks may not be apparent initially [9–12].

As our study did not directly examine these contexts,

similar research will need to be conducted for virtual

monoenergetic imaging using spectral CT, including

potential additional studies where a virtual arterial phase

may sufficiently replace a true arterial phase such as for

Fig. 2 Box and scatter plots comparing mean attenuation and

standard deviation of virtual monoenergetic arterial images at

increasing keV levels to those of true arterial images on the far

right. Data from the aortic arch (A), suprarenal abdominal aorta (B),

infrarenal abdominal aorta (C), and right external iliac artery (D) are

shown as examples
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detecting active extravasation in vascular injury. A further

advantage of low-energy monoenergetic imaging with

spectral CT is the ability to perform retrospective vascular

enhancement in the setting of suboptimal contrast timing,

which is one of the most common reasons for diagnostic

failure in conventional CT angiography [6].

An important advantage of SDCT technology over

DECT lies in its ability to retrospectively create spectral

images without the need for selecting patients beforehand

[3]. Because spectral data is acquired at the detector level

instead of the X-ray tube, all studies scanned at 120 or

140 kVp allow for spectral separation. This can simplify

imaging protocols and enable retrospective enhancement in

case of poor contrast timing or characterization for inci-

dental findings. The spectral base image (SBI) data created

by the technology at the scanner console is sent to the

radiologist workstation for post-processing and enables

reconstruction within seconds [1]. In addition to virtual

monoenergetic vascular enhancement, other applications

not discussed in this paper such as virtual non-contrast

imaging, iodine mapping, material decomposition, and

artifact reduction can be performed on demand without

special protocols. Unlike DECT, SDCT has no field of

view, cross-scatter, or gantry rotation time limitations [3].

A number of limitations to our preliminary study must

be considered. First, we evaluated a relatively small patient

cohort in a retrospective fashion, measuring only quanti-

tative image parameters as a surrogate for image quality.

Observer-based qualitative image analysis and prospective

assessment of diagnostic outcomes will need to be per-

formed for more robust clinical applicability. Specific

studies are also needed to evaluate the potential for reduced

contrast material dosage and radiation exposure in the

setting of fewer contrast phases, as well as to directly

compare SDCT virtual monoenergetic imaging to that of

DECT. Additionally, because the fraction of vessels

affected by significant streak artifact from contrast material

boluses, calcifications, and metallic stents was relatively

low, subgroup analysis was not performed for these seg-

ments. Specific evaluation to account for streak artifact

may be helpful in explaining the minor discrepancy in

which the SNRs of right subclavian and brachiocephalic

arteries on virtual monoenergetic images were not found to

be non-inferior compared to that on the true arterial ima-

ges, since a dense contrast bolus is often present in these

locations. Optimal keV for areas heavily affected by streak

artifact is likely to be higher due to the reduction in streak

artifact at increasing monoenergetic levels, as suggested by

DECT studies evaluating virtual monoenergetic imaging

for endovascular stent surveillance [8–10, 12]. Given the

ability of SDCT to reconstruct the CT data at multiple keV

levels, metal artifacts can be reduced by reconstructing an

additional data set at 70 or 80 keV [8]. A follow-up study

focused on streak artifact reduction by spectral CT in the

setting of CT angiography would be ideal. Along similar

lines, optimal keV may vary slightly due to image noise

secondary to patient BMI and locations in the body with

comparatively little surrounding soft tissues, such as in the

limbs [20]. Finally, due to limited commercial availability,

these results are also only valid for the CT system and post-

processing software of a single vendor.

Fig. 3 Range of virtual monoenergetic arterial keV values non-

inferior to arterial phase images at each location. Asterisk indicates

significantly higher SNR or CNR for at least 40 keV
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Table 1 P values depicting

non-inferiority of virtual

monoenergetic arterial images

compared to true arterial phase

images using SNR

Arterial segment 40 keV 45 keV 50 keV 55 keV

Venous phase monoenergy values with non-inferior SNR compared to arterial phase

R carotid 0.04 0.28 0.68 1

L carotid 0.02 0.13 0.52 0.91

R subclavian 0.21 0.59 0.88 1

L subclavian 0.004 0.01 0.09 0.38

Brachiocephalic 0.23 0.70 1 1

Asc thoracic aorta \ 0.001 \ 0.001 0.01 0.33

Aortic arch \ 0.001 \ 0.001 0.04 0.48

Desc thoracic aorta \ 0.001 \ 0.001 0.03 0.46

Suprarenal aorta \ 0.001 \ 0.001 0.01 0.26

Celiac \ 0.001 \ 0.001 0.00 0.06

Superior mesenteric \ 0.001 \ 0.001 0.03 0.32

R renal \ 0.001 \ 0.001 0.00 0.03

L renal \ 0.001 \ 0.001 0.01 0.13

Infrarenal aorta \ 0.001 \ 0.001 0.001 0.04

R common iliac \ 0.001 \ 0.001 \ 0.001 0.01

L common iliac \ 0.001 \ 0.001 \ 0.001 0.01

R external iliac \ 0.001 \ 0.001 0.01 0.14

L external iliac \ 0.001 \ 0.001 0.01 0.10

All P values at 60 keV and beyond were statistically insignificant and excluded from the table

Table 2 P values depicting

non-inferiority of virtual

monoenergetic arterial images

compared to true arterial phase

images using CNR

Arterial segment 40 keV 45 keV 50 keV 55 keV

Venous phase monoenergy values with non-inferior CNR compared to arterial phase

R carotid 0.01 0.15 0.47 0.91

L carotid 0.02 0.19 0.51 0.86

R subclavian 0.01 0.10 0.35 0.78

L subclavian 0.004 0.08 0.32 0.75

Brachiocephalic 0.004 0.10 0.42 0.85

Asc thoracic aorta 0.002 0.04 0.27 0.75

Aortic arch \ 0.001 0.02 0.16 0.63

Desc thoracic aorta 0.001 0.07 0.63 1

Suprarenal aorta 0.001 0.06 0.60 1

Celiac 0.003 0.12 0.67 1

Superior mesenteric 0.002 0.12 0.72 1

R renal \ 0.001 0.02 0.26 0.92

L renal 0.009 0.15 0.64 1

Infrarenal aorta \ 0.001 \ 0.001 0.001 0.07

R common iliac \ 0.001 \ 0.001 \ 0.001 0.01

L common iliac \ 0.001 \ 0.001 \ 0.001 0.00

R external iliac \ 0.001 \ 0.001 \ 0.001 0.01

L external iliac \ 0.001 \ 0.001 \ 0.001 0.00

All P values at 60 keV and beyond were statistically insignificant and excluded from the table
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Table 3 P values depicting

virtual monoenergetic arterial

images with significantly higher

SNR compared to true arterial

phase images

Arterial segment 40 keV 45 keV 50 keV 55 keV

Venous phase monoenergy values with significantly higher SNR compared to arterial phase

R carotid 0.61 0.94 1 1

L carotid 0.38 0.87 1 1

R subclavian 0.95 1 1 1

L subclavian 0.48 0.87 1 1

Brachiocephalic 0.75 1 1 1

Asc thoracic aorta 0.00 0.07 0.80 1

Aortic arch 0.03 0.40 1 1

Desc thoracic aorta 0.01 0.28 1 1

Suprarenal aorta 0.02 0.53 1 1

Celiac 0.05 0.68 1 1

Superior mesenteric 0.06 0.71 1 1

R renal 0.03 0.50 1 1

L renal 0.04 0.58 1 1

Infrarenal aorta 0.00 0.21 1 1

R common iliac 0.00 0.02 0.63 1

L common iliac 0.00 0.04 0.57 1

R external iliac 0.01 0.23 0.82 1

L external iliac 0.01 0.10 0.62 1

All P values at 60 keV and beyond were statistically insignificant and excluded from the table

Table 4 P values depicting

virtual monoenergetic arterial

images with significantly higher

CNR compared to true arterial

phase images

Arterial segment 40 keV 45 keV 50 keV 55 keV

Venous phase monoenergy values with significantly higher CNR compared to arterial phase

R carotid 0.12 0.59 0.9 1

L carotid 0.15 0.63 0.9 1

R subclavian 0.10 0.58 0.9 1

L subclavian 0.10 0.56 0.9 1

Brachiocephalic 0.06 0.51 0.9 1

Asc thoracic aorta 0.03 0.33 0.8 1

Aortic arch 0.01 0.20 0.7 1

Desc thoracic aorta 0.08 0.77 1 1

Suprarenal aorta 0.06 0.77 1 1

Celiac 0.14 0.86 1 1

Superior mesenteric 0.16 0.90 1 1

R renal 0.05 0.61 1 1

L renal 0.24 0.87 1 1

Infrarenal aorta \ 0.001 0.02 0.61 1

R common iliac \ 0.001 0.00 0.17 0.82

L common iliac \ 0.001 0.00 0.09 0.67

R external iliac \ 0.001 0.01 0.29 0.92

L external iliac \ 0.001 0.00 0.12 0.76

All P values at 60 keV and beyond were statistically insignificant and excluded from the table
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Conclusion

In summary, SDCT can create virtual monoenergetic

arterial images from a venous phase CTA that have

equivalent and in some cases significantly higher SNR and

CNR of aortoiliac arteries than the true arterial phase,

similar to studies examining DECT but without the need

for prospective patient selection. Further investigation is

needed to establish the clinical applicability of SDCT in

vascular imaging.
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